Objectives: Research into dental diseases in children is no longer primarily focussed on biological and dietary factors, with social determinants an important influence.
| INTRODUCTION
Poor oral health has a significant impact on individuals and populations. 1 In Australia, nearly half of children aged under 12 years have dental caries (tooth decay). 2 Research into dental diseases in children is no longer primarily focused on downstream factors such as biological and dietary influences, with greater awareness of the association between social determinants and oral health. [3] [4] [5] Social determinants of health are an important influence on disease and health inequality in populations. 6 Quality of life and health status of individuals and populations are influenced by the conditions and circumstances in which people are born, grow and live. 6 Of these prominent influences of health are income and income distribution, education, employment status, housing and social integration. 6, 7 A nationally representative study of Australian children; the National Child Oral
Health Survey found that the prevalence of poor dental health increased with age, lower household income and remoteness. 8 As dental diseases are largely preventable, investigating influences and their ability to be modified is important for guiding funding and policies aimed at improving children's oral health. Many studies have mapped the influences of oral health using conceptual and theoretical models. [9] [10] [11] A frequently cited model created by
Fisher-Owens et al 4 explained the complex nature and wide variety of influences on the oral health of children. This conceptual model describes three levels of influence on children's oral health: child, family and community (Table 1 ).
Systematic reviews of child oral health have typically focused on individual levels of influences on children's oral health or assessing the quality of studies. [12] [13] [14] The primary aim of this study was to answer the overarching question, what was the focus of research on children's oral health in Australia? By assessing the focus of studies using the Fisher-Owens et al 4 framework as a guide, the range of research and areas lacking evidence can be identified and an agenda for future studies can be determined.
T A B L E 1 Definition of influences on oral health outcomes of children as published in Fisher-Owens et al The PRISMA guidelines for systematic reviews was used for this study. 15 The protocol for this systematic review was not registered. 
| Selection of studies
Studies were included if they were original research articles with their primary focus as measures of oral health for Australian children (Table S1 ). Australian children were defined as a person residing in Australia and aged 0-18 years. Studies were excluded if results on children were grouped with adults (>18 years).
The results from the search were organized and duplicates removed using Endnote software. Studies title and abstract were screened by two authors (NS and NK). The full-text articles of the relevant studies were independently examined by the two authors (NS and NK), to consider eligible for inclusion in the review. Interrater reliability was also calculated using Cohen's Kappa coefficient. Any disagreement was reconciled between the two authors screening (NS and NK). The included studies were coded using the software NVivo version 11 (© QSR International, Melbourne, Australia) and were coded for study details and focus. The study details related to the study design (eg, cross-sectional, case-control), study population (eg, children, parents, dental professionals), study population state and measures used (eg, questionnaire, clinical examination).
Due to the wide variability of methods and study topics, a thematic synthesis approach for coding and analysis was adopted. 16 The use of a broad coding method was utilized, and data were coded from the included studies results by the lead author (NS). Instead of generating themes during the coding stage, the focus of the included studies was coded using the Fisher-Owens et al 4 framework.
After reading each included study as a "whole," the descriptive results were allocated to categories according to the child-, familyand community level influences in the Fisher-Owens et al 4 framework ( Table 1 ). The definitions for each individual category are published in the model/framework and summarized in Table 2 . 4 Authors continually referred back to the definitions when reviewing the included studies (Table 2) Rigour in coding and analysis was promoted by reconciliation of coding undertaken and ongoing dialogue between all authors. In line with the aim of this study, the frequency of the included study details and focus was reported using the Fisher-Owens et al (2007) framework categories (Table 1) . Reporting the qualitative content of each category will be the focus of a later study. To analyse the relationships between influences, a query was run in NVivo to examine content in the included studies that was coded in two or more categories. Influences with evidence of an association to another influence in the Fisher-Owens Model were recorded as having evidence for a relationship. The association between tooth brushing behaviours and gender is an example of two child level influences (health behaviours and physical attributes) with a relationship. Details of the relationship including magnitude of the association and confounding factors were not recorded in this study. As a broad coding method was used, the query results were checked to validate a relationship by examining the content that was dual-coded.
| Stage three: Analysis
3 | RESULTS
| Included studies
The database searches identified 2397 studies ( Figure S1 ). After the removal of duplicates, this resulted in a total of 1710 studies. A total
of 1344 studies were excluded based on title and abstract. The fulltext articles of the 366 relevant studies were independently examined by two of the authors (NS and NK), with 227 studies considered eligible for inclusion in the review ( Figure S1 ). An additional 25
reports were found on government websites and were included in this review. A total of 252 studies were included in this review. 
| Study details

| New themes emerging from the literature
From the thematic synthesis, seven new and modified themes emerged that were not described in the Fisher-Owens et al (2007) framework. On a child and family level, these were: 6. Parental use of dental care: Dental visiting behaviours of parents can influence children's use of dental care.
7. Parental age. Table 3 reports the frequency of the focus of the included studies, categorized according to child-, family-and community level influences on oral health. The focus of the included studies was most frequently on a child level (n = 200, 79.4%), followed by community (n = 175, 69.4%) and family (n = 86, 38.1%). Overall, the highest Study could be included in more than one category; therefore, column does not equal 100%.
| Study focus
proportion of included studies focus were on child level influences physical attributes (n = 86, 34.1%), child maturing (n = 83, 32.9%) and health behaviours and practices (n = 79, 31.3%). Influences with the least number of studies were social environment (n = 2, 0.8%),
social support (n = 3, 1.2%) and physical safety on both a family and community levels (n = 3, 1.2% and n = 1, 0.4%, respectively).
| Relationship between influences
Influences with more than one study reporting an association to another influence (opposed to oral health outcomes) are presented in Table 4 . The association between tooth brushing behaviours and gender is an example of two child level influences (health behaviours and physical attributes) with a relationship. Overall, 69.4% (n = 25) of all child level influences had a relationship with another child level influence. Relationships within the levels were also most frequent between child/community (n = 32, 44.4%) and community/community influences. The aim of this study was to systematically review the focus of research on influences on children's oral health in Australia, to identify gaps in knowledge and develop a targeted agenda for future research. Based on the findings of this study, we will discuss the literature found within the child-, family-and community level influences. Exploring the areas lacking evidence will inform areas of need for future studies aimed at understanding and improving the oral health of Australian children.
| Child level
Physical attributes and health behaviours and practices were the most commonly researched influences on children's oral health. Gender, ethnicity (including Indigenous status) and physical factors (height, weight, BMI) are physical attributes often measured in the oral health literature. 18, 19 It is common practice for studies to measure demographics/physical attributes and may explain why a third of all the studies included this influence. Many studies focussing on for Indigenous children. 20, 21 Similarly, a large body of research has reported the effects of tooth brushing and diet on caries in Australian children. 18, 22, 23 As substrate and bacteria/plaque are fundamental biological factors in dental caries, this explains why diet and oral hygiene are often included in research.
Dental insurance was not highly researched in Australian literature and this may be due to the eligibility criteria for public child dental services in Australia. Although eligibility varies across the states in Australia, dental insurance is not a requirement for free/subsided services. 24, 25 A recently emerging theme of research was how children's knowledge and beliefs can impact oral health. Children perceive their oral health as important but often lack knowledge on factors such as appropriate hygiene practice, diet and use of dental care. 26 Often relating to older children and adolescents, oral health literacy can influence dietary choices of the child, self-image due to appearances of teeth and gender differences. 21, 27 Children's oral health knowledge and beliefs may lack research due the difficulty in measuring children's knowledge, as parents often report as a proxy. 21, 27 Further qualitative research may be needed to explore children's knowledge of oral health as they grow and develop.
| Family level
The association between low socio-economic status and poorer oral health outcomes was frequently researched in family level influences. In Australia, parental education, employment, income and concession card/pensioner status are the variables used to indicate socio-economic status. 18, 25, 28 This association is well supported by
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international studies.
12 As discussed on a child level, parental knowledge is often explored as a significant influence on children's oral health. Randomized controlled trials and intervention studies have targeted parental knowledge/oral health literacy and are often associated with a short-term improvement in oral health outcomes of children. 29, 30 A factor lacking research on both a family and community levels was physical safety. Dental trauma has been most frequently associated with falls and can also be due to assaults, animal attacks and lack of parental supervision. 31 The prevalence and aetiology of dental trauma in children has been explored in international literature. 32, 33 Factors such as child activities and community environment influence the occurrence of dental trauma. 32, 33 A lack of Australian evidence does not warrant removal of this influence from the model but highlights a need for careful investigation into a potentially sensitive and hard to measure topic.
Family composition and function is defined by the relationships and interactions between child and parent. This factor was relatively underinvestigated in Australian literature. Exploratory qualitative evidence has shown uncooperativeness in children is a barrier to parents undertaking brushing and preventing sugary food and drink consumption. 34 Family composition and function is underinvestigated as a factor but is measured in national Australian studies and available in census data. 35 Data linkage between national oral health surveys, clinical dental records and census data is a possible method to produce evidence to support this influence.
36,37
| Community level
On a community level, few studies focussed on social environment.
This domain is described by factors such as neighbourhood stability and safety. Unsafe community environments could lead to dental trauma, and previous studies have found dental trauma is more likely to occur during social activities on the weekend and school holidays. 31 Similar to family composition, the association between social environment and physical safety could be investigated using national datasets assessing community environment and neighbourhoods. 35 Physical environment and the effectiveness of water fluoridation were a primary focus in community level influences. Overwhelming research using time and state-based comparisons supports water fluoridation as an effective measure of caries prevention in children. 38, 39 Prior to 2008, the majority of Australia was fluoridated;
however, Queensland remained largely un-fluoridated, acting as a control for many studies. 40 Another area level measure that was widely used in studies was the Socio-Economic Indexes for Areas (SEIFA). Income inequality in the community can influence oral health and in Australia is measured using SEIFA. 41 While SEIFA is not a direct measure for social capital, it gives a broad area level measure for people's access to social and economic resources. 41 Social capital is defined as the networks and social relationships that facilitate access to information and resources. 4 A strength of having a widely used statistical index for local area resources in Australia allows for easy investigation of this influence on oral health.
Previous research has found, children residing in low SEIFA areas are associated with poorer indicators of oral health (ie, caries) and other risk factors or influences (ie, oral hygiene behaviours and dental service use). [42] [43] [44] [45] Future studies should consider using more direct measures of social capital such as social capital scales. Multiple high-risk factors for dental diseases such as poor oral hygiene, high sugar diets and infrequent dental service use often occur together. 23, 48 Time influences cohorts of children's oral health due to the changing and evolving factors described in the conceptual model. In Australia, National surveys and dental public health services monitor the oral health of children. [49] [50] [51] In this study, we found family level factors comparatively lacked evidence to other factors on a child and community level. Temporal analysis of Australian child oral health data has highlighted the widening gap in the burden of oral health. The oral health disparities of populations including low socio-economic and Indigenous Australians oral health have been increasing disproportionately compared to the general Australian population. 52, 53 While it is important to highlight the areas lacking evidence in Australian literature, it is also crucial to continue monitoring the well-researched factors to guide funding and policies aimed at understanding and improving the oral health of Australian children.
| RECOMMENDATIONS
Based on the findings of this study, an agenda for future research investigating influences on children's oral health can be developed.
Monitoring of child level influences of oral health has been consistently undertaken in national surveys and epidemiological studies. 
